The Third Department of Internal Medicine, Tohoku University School of Medicine, Sendai and the Technical Department,* Otsuka Pharmaceutical Factory, Naruto OHNEDA, A., YAMAGATA, S., TSUTSUMI, K. and FuJIWARA, H. Distribution of Maltose Intravenously Administered to Rabbits and Its Metabolism in the Kidney. Tohoku J. exp. Med., 1974, 112 (2), 141-154 -When 14C-U-maltose was injected intravenously to normal rabbits, 14C-maltose rapidly disappeared from the blood stream and circulating 14C-glucose rose gradually.
In urine, 24% of total radioactivity was excreted as 14C-maltose, 6% as 14C-glucose and 12% as other 14C-compounds. In all organs 14C-glucose exceeded the level of 14C-maltose throughout the experiment for 12 hours.
When maltose was administered to nephrectomized rabbits, 14C-maltose disappeared very slowly from the blood stream and the increase in 14C-glucose in blood was minimal.
In the rabbits pretreated with phloridzin 14C-maltose decreased rapidly in blood and 14C-glucose did not increase. The difference between plasma maltose levels in the artery and the vein across the kidney was increased after maltose was injected to the normal rabbits, whereas the plasma glucose concentration in the renal vein exceeded that in the renal artery. In phloridzinized rabbits, the arteriovenous difference of maltose was smaller as compared with normal rabbits and plasma glucose levels in the renal vein did not exceed those in the artery.
When the isolated kidney was perfused for 30 minutes with maltose solution, the levels of maltose and glucose in the renal vein rose and not only maltose but also glucose were excreted in urine. Maltase activities in the cortex of the kidney were ten times as high as in the medulla.
In the isolated glomeruli, however, little maltase activities were observed.
These results suggest that the kidney plays an important role in the metabolism of maltose administered intravenously.
The mechanism as to urinary excretion of glucose after maltose injection was discussed. maltase; 14C-U-maltose; phloridzin; kidney In 1967, Weser and Sleisenger demonstrated that, when maltose was injected to rats, 55 per cent of it was oxidized to CO, and five per cent was excreted in urine within 24 hours. Comparing the metabolism of maltose with that of lactose or sucrose, they stated that only maltose would be metabolized in animals. Since then, studies on the metabolism of maltose in experimental animals and in man have been reported (Young and Weser 1971; Fujii et al. 1972; Ohneda et al. 1973 ) and recently clinical application of maltose has been tried (Sunada et al. 1971; Tanaka et al. 1971; Hayasaka et al. 1972 ). However, metabolism of maltose administered has not been fully elucidated. In the previous report from this laboratory (Ohneda et al. 1973) , the possibility that maltose could be administered to human subjects has been indicated. Furthermore, it was demonstrated that approximately 30 per cent of administered maltose was excreted in urine of normal and diabetic subjects within 5 hours.
The purpose of this paper is to describe the distribution of maltose intravenously administered and to clarify the role of the kidney in the metabolism of maltose in the rabbits. Maltose metabolism across the kidney A group of three normal rabbits was laparotomized after anesthesia with nembutal and a glass T-cannula connecting with a teflon tubing was inserted into the renal vein. A plastic needle was inserted into the femoral artery.
MATERIALS AND METHODS

Materials
Ten % solution of maltose was infused from the ear vein at a rate of 2 ml per minute for 30 minutes with a prime dose of 10 ml and blood was obtained from the femoral artery and the renal vein before and 5, 10, 15, 20, 30, 40, 50, 60 minutes after the start of maltose infusion. In a group of four rabbits, phloridzin was administered prior to the experiment as described above and the in situ perfusion of the kidney was performed in the same procedure as in the normal rabbits.
In vitro perfusion of the kidney of 238±24.5 mg/100 ml 40 minutes after the maltose injection.
Radioactivities in blood after maltose injection were shown in Fig. 1 . The radioactivity of plasma maltose disappeared rapidly from the blood stream, reaching the baseline within 4 hours. Circulating 14C-glucose, however, rose gradually after the maltose injection, exceeding 14C-maltose at 90 minutes and reached a peak level at 120 minutes. Radioactivities in urine were shown in Fig. 2 . Excre tion of 14C-maltose in urine increased gradually and reached a plateau 4 hours after the maltose injection, whereas that of 14C-glucose increased and reached a plateau at 2 hours. The total radioactivity excreted in urine continued to increase till 12 hours after the maltose administration. 42% of the injected radioactivity was excreted in urine as the total radioactivity within 6 hours, while 24% was excreted as maltose and 6% as glucose. The changes in the distribution of radioactivity in various tissues were presented in Fig. 3 . The total radioactivities in organs decreased gradually. Specific radioactivity was found to be the highest in the kidney among various organs tested. In the kidney, radioactivity of 14C-glucose exceeded that of 14C-maltose throughout the experiment for 12 hours. The same pattern of the change in radioactivity as in the kidney was seen in the liver, the small intestine, the brain and in the skeletal muscle. In the other organs such as the heart, the lungs, the lymph nodes, the large intestine or the pancreas, 14C-maltose at 20 minutes was higher than 14C-glucose but thereafter the latter exceeded the former which rapidly decreased after the maltose injection. Approximately 10% of radioactivity injected was located in the skeletal muscles at 60 minutes and the radioactivity in other organs decreased in the following order: the kidney, the liver, the large intestine, the small intestine, the lungs and the heart. 
Changes in circulating maltose in nephrectomized rabbits
Plasma maltose decreased slowly and remained at 415 mg/100 ml 3 hours after the maltose injection, this level being enormously high compared with those in normal rabbits. Plasma glucose rose gradually from the intial level of 181 mg/ 100 ml to 606 mg/100 ml at 3 hours. These changes are shown in Fig. 4 . Changes in plasma radioactivities in nephrectomized rabbits were presented in Fig. 5 . The radioactivity of plasma maltose decreased very slowly and was 65,700 dpm/ml at 3 hours, while only a tiny increment was observed in radioactivity of plasma glucose. These changes in radioactivity observed in nephrectomized rabbits are markedly different from those in the normal or even rabbits with a sham-operation as shown in Fig. 6 .
Metabolism of maltose administered to the rabbits pretreated with phloridzin
Plasma maltose decreased rapidly but the increment in plasma glucose was minimum after the maltose injection to the rabbits pretreated with phloridzin (Fig. 7) . Plasma radioactivity of 14C-maltose fell and reached the initial level at 3 hours, whereas 14C-glucose did not increase but rather decreased. These changes are shown in Fig. 1 . 28% of administered radioactivity was excreted in urine within 3 hours as maltose, 34.9% as glucose and 68.9% as total radioactivity .
Metabolism of maltose across the kidney In normal rabbits, maltose level in the femoral artery rose rapidly and reached the peak levels of 828 to 1096 mg/100 ml 30 minutes after the maltose injection, while the difference in maltose concentration across the kidney was widened. Glucose concentration in the renal vein, which was lower than that in the femoral artery, rose gradually and exceeded the glucose level in the femoral artery 5 or 10 minutes after the maltose injection. These changes are presented in Table 2 .
The results in rabbits with previous treatment with phloridzin are presented in Table 3 . In these experiments, the differences in maltose concentration across the kidney were smaller than in normal rabbits and glucose levels in the femoral artery was higher than that in the renal vein throughout the experiment. 
DISCUSSION
Circulating 14C-maltose administered intravenously disappeared rapidly from the blood stream with a "half time" of 24 minutes initially and 40 minutes later. Since maltase activity is absent in blood of rabbits, the decrease in blood maltose is not due to hydrolysis of maltose in blood. Conversely, radioactivity of 14C-compounds in various organs remained elevated for 12 hours after the 14C-maltose administration, although metabolic patterns of 14C-maltose and 14C-glucose differ in various organs. 30% of radioactivity administered was excreted as maltose and glucose 6 hours after the maltose injection. In the kidney, radioactivity of 14C-glucose exceeded that of 14C-maltose and a high level of maltase activity was observed. These results indicate that 70% of maltose administered intravenously was picked up by various organs and that the kidney plays an important role in metabolism of maltose.
The changes in blood radioactivity in nephrectomized rabbits differed markedly from those in normal rabbits. Radioactivity of 14C-maltose fell very slowly and the "half time" was prolonged to 330 minutes in comparison with those in normal and even sham-operated rabbits. Another remarkable difference in the changes of radioactivity in nephrectomized rabbits is absence of an increase in 14C-glucose. In this context, the possibility that influence of the operation as well as elevated blood glucose or suspected rise in growth hormone or catecholarnines are related, can be ruled out, for 14C-glucose rose in the rabbits with the sham-operation. On the other hand, 14C-maltose disappeared very rapidly at a "half time" of 11 minutes in rabbits which have been pretreated with phloridzin and in these rabbits 63% of administered radioactivity were excreted in urine within 3 hours. These results also indicate that the kidney participates largely in the metabolism of intravenously administered maltose.
It has been reported that blood glucose rose after the maltose injection in man (Ohneda et al. 1973 ). The results obtained in the present experiment indicate that a rise in blood glucose derives from maltose administered intravenously, as 14C-glucose in blood increased gradually and reached the peak at 2 hours . Since there is little maltase activity in blood of rabbits (Fujii et al. 1972) , it can be ruled out that glucose is converted from maltose in the blood stream . Various organs of animals contain maltase activity according to Fujii et al. (1972) and 14C-glucose increased in several organs as shown in Fig . 3 . Therefore, it seems reasonable to assume that 14C-glucose is released from several organs where maltose is hydrolyzed to glucose by maltase. The facts that the rabbit kidney contains a large amount of maltase and that 14C-glucose did not increase in blood after the 14C-maltose injection in nephrectomized rabbits and in the rabbits treated with phloridzin, suggest that the kidney plays the most important role in the increase of blood glucose after the maltose injection among the various organs . This mechanism was demonstrated by the experiment with in situ perfusion of the kidney: arteriovenous difference in blood glucose across the kidney reversed after the maltose administration in the normal rabbits, whereas no reversion occurred in phloridzinized rabbits. Furthermore , the experiment with the isolated kidney using 14C-maltose indicates that glucose derived from the maltose perfused .
The amount of maltose metabolized in the kidney can be calculated from the results obtained in the in situ perfusion experiments . In rabbit No. 1 in Table 2 , the amount of maltose uptake by the kidney in 60 minutes is figured out as 2094 mg-min/100 ml from the integration of the difference in maltose concentration in femoral artery and the renal vein. Renal plasma flow is calculated to be 3 .0 ml/ min from the renal blood flow rate of 5.0 ml/min and the hematocrit 40% . Therefore, the amount of maltose uptake in 60 minutes in the both kidneys can be figured out as 7,540 mg. In this experiment , the amount of glucose output from the kidneys in 60 minutes following the maltose injection can be calculated as 3 ,858 mg from the similar calculations . The amount of circulating maltose for 60 minutes in the kidneys is obtained as 19 .2 g from the integration of maltose concentration in the femoral artery. Therefore , 39% of the circulating maltose were picked up by the kidneys and 20% of the circulating maltose we re converted to glucose. 
